Small, free-living amebae belonging to the genera Acanthamoeba and Naegleria are known to cause central nervous system (CNS) infections in humans (14) . Naegleria fowleri causes an acute and fulminating infection, primary amebic meningoencephalitis, which almost always leads to death (7, 14, 25) . In the United States only one patient has survived this disease (7, 14, 21, 25) . Primary amebic meningoencephalitis occurs principally in children and young adults with a history of participation in swimming, diving, and other water sports in freshwater lakes and ponds. Acanthamoeba spp., on the other hand, cause infections of the human cornea as well as the CNS. The corneal infection, called Acanthamoeba keratitis, is a nonfatal, but nevertheless painful, vision-threatening disease and occurs primarily in contact lens wearers (23) . CNS infection due to Acanthamoeba spp., called granulomatous amebic encephalitis (GAE), however, has occurred in immunosuppressed, chronic alcoholics and debilitated individuals who usually had no history of contact with fresh water (7, 12-15, 18, 25) . Excepting a few (5, 10, 11) , almost all cases of GAE have resulted in death. In addition to these, a few other cases of GAE thought to be due to some as-yet-unidentified ameba have also been described (3, 8, 9, 20) . Currently the identification of the causative agent of GAE, in the absence of culture isolation, is on the basis of the presence of amebic trophozoites and cysts (cysts are not usually seen in primary amebic meningoencephalitis infections) in the CNS and/or reactivity of the amebae in tissue sections in the indirect immunofluorescence test (IIF) with the antiserum made against several species of Acanthamoeba (24) . However Generation of antibody and IIF. Antibodies to the leptomyxid ameba as well as to several Acanthamoeba species (i.e., A. castellanii, A. polyphaga, A. culbertsoni, A. rhysodes, A. palestinensis, A. astronyxis) and to N. fowleri, Naegleria gruberi, Hartmannella vermiformis, Vahlkampfia avara, and Entamoeba histolytica were prepared in rabbits by multiple intravenous injections of washed trophozoites and cysts from culture (24) . For example, trophozoites and cysts of the leptomyxid ameba from E6 cell culture were washed thrice with Hanks balanced salt solution by centrifugation at 250 x g and suspended in Hanks balanced salt solution to obtain 106 (with a 3:1 ratio of trophozoites to cysts) per ml. A total of 0.1 ml of this suspension was injected into the marginal ear vein of a rabbit on day 0, and the rest of the suspension was frozen at -20°C in 0.1-ml aliquots. The rabbit was boosted on days 21, 28, 35, and 49 with 0.1 ml of the quickly thawed suspension of the preparation that was frozen on day 0. The rabbit received on day 74 a final booster which consisted of 0.1 ml of 2 x 105 amebae (with a 4:1 ratio of trophozoites to cysts) obtained VOL. 28, 1990 on from fresh cultures washed as described above. The rabbit was bled on day 84, and the serum was separated, aliquoted into 1-ml volumes, and stored at -20°C until used. IIF was performed as described previously (24) on trophozoites and cysts obtained from E6 cultures and on paraffin-embedded brain sections of infected mouse, baboon, gorilla, sheep, and humans (Table 1) .
RESULTS
Agar plates inoculated with the minced baboon brain tissue did not show any growth of amebae even after 4 weeks of incubation at 37°C. The MRC-5 cell line (after 3 weeks of incubation) also did not show any amebic growth but became heavily contaminated with fungi and was therefore discarded. The control cell cultures inoculated with sterile saline did not show any growth of amebae. Amebic growth was seen only in the E6 cell line after 3 weeks of incubation. The amebae were therefore passaged on the E6 cell line, initially once in 4 to 6 weeks and thereafter once a week. Two to three days after inoculation of the E6 cell fine with the amebae, transformation of trophozoites to cysts began to occur. At the end of a week, equal numbers of amebic trophozoites and cysts were observed, as was the total destruction of cell sheets. After six to eight consecutive monthly transfers, the amebae regularly destroyed the cell monolayer within a week. Characteristic cytopathic effects (26, 27) such as vacuolization, nuclear pycnosis, and discontinuity of the cell sheet eventually led to total destruction of the cell sheet within 5 to 7 days.
The trophic amebae were mostly irregular in shape, were sometimes highly branched, and measured 15 to 60 ,um ( Fig.  la and b) . Occasionally a few elongated forms measuring 60 to 120 ,um in length and 15 to 20 ,um in breadth with several contractile vacuoles were also seen. The amebae were uninucleate, but a few binucleate forms were also seen. The binucleate forms may have completed karyokinesis but not cytokinesis. The nucleus, about 5 ,um in diameter, had a centrally located nucleolus. No cytoplasmic streaming was noted. Cysts (Fig. lc) were mostly uninucleate with occasional binucleate forms. The cysts were irregularly round, measuring about 15 to 30 ,um with two walls. The inner cyst wall was thin and spherical. The outer cyst wall, however, was thick, wavy, and irregular.
All mice inoculated with the leptomyxid amebae showed symptoms of the disease (e.g., ruffled fur, aimless wandering in circles, partial paralysis, and coma) and died within a week. None of the agar plates inoculated with the mouse brain tissues showed any growth of the amebae. However, the amebae grew readily on the E6 monolayer within 1 to 2 weeks of incubation and destroyed the cell sheet, as described above.
Microscopic examination of the CNS sections of the mandrill revealed profuse, necrotizing meningoencephalitis with numerous amebic trophozoites and a few cysts (Fig. 2a  and b) . In the mandrill, clusters of trophozoites were seen around blood vessels and were accompanied by mononuclear cells. The amebae around the blood vessels and elsewhere in the brain tissue stained brightly when reacted with the rabbit anti-leptomyxid serum in the IIF (Fig. 2c and d) areas. The CNS lesions in the mice, while similar to those of the mandrill, were less pronounced. Ultrastructurally the amebic trophozoites were characterized by a centrally placed, dense nucleolus surrounded by a clear nuclear halo and abundant granular cytoplasm. Intracytoplasmic organelles were abundant and consisted of lysosomes, mitochondria, Golgi apparatus, myelin figures, rough and smooth endoplasmic reticula, lipid droplets, and empty vacuoles. Ribosomes were also detected around rough endoplasmic reticula. Dense, membrane-bound bodies were abundant. The nucleus was round and was enclosed by a double membrane (Fig. 3a) . The nucleolus was compact. In many trophozoites, two or more nucleoli were seen. The mitochondria, irregularly round and oval, were numerous and scattered throughout the cytoplasm. The intramitochondrial cristae were irregular and had a honeycomb pattern (Fig.  3b) . The cysts were round with a compound wall consisting of three layers. The inner wall (endocyst) was dense and uniform and lined by a thin, wavy layer. The ectocyst, or outer wall, was thinner and irregular, with protrusions.
An amorphous third layer (mesocyst) was present between the ectocyst and endocyst. Some of the cysts showed VOL. 28, 1990 on October a stellate pattern. In the inner portion of the cyst there were seen compactly arranged mitochondria, granular and electron-dense bodies, and numerous lipidlike droplets (Fig. 3c) .
In the IIF none of the antisera made against Acanthamoeba spp. (i.e., A. castellanii, A. polyphaga, A. rhysodes, A. culbertsoni, A. astronyxis, A. palestinensis), N. fowleri, N. gruberi, H. vermiformis, V. avara, and Entamoeba histolytica reacted with the amebae in the brain sections of the mandrill, gorilla, sheep, or the various human cases listed in Table 1 or the sections of the brain of the mice inoculated experimentally with the leptomyxid amebae, even at a 1:50 dilution of the antisera. In the homologous reactions the various sera reacted with the homologous antigens (amebae) at a dilution of 1:128 or higher (A. castellanii, 512; A. polyphaga, 1,024; A. rhysodes, 256; A. culbertsoni, 1,024; A. astronyxis, 256; A. palestinensis, 256; N. fowleri, 2,056; N. gruberi, 1,024; H. vermiformis, 128; V. avara, 128; Entamoeba histolytica, 256; and leptomyxid ameba, 512). The anti-leptomyxid serum, however, reacted extensively with the leptomyxid amebae from culture as well as those in the brain sections at a dilution of 1:50 and moderately at a dilution of 1:100 and produced the characteristic bright apple green fluorescence (Fig. 2c and d and   3d ). The anti-leptomyxid serum did not react with the heterologous amebae at these dilutions. These tests clearly indicate that the cases listed in Table 1 were caused by the leptomyxid ameba rather than Acanthamoeba spp. or other amebae. Furthermore, when the anti-leptomyxid ameba serum absorbed with the leptomyxid ameba grown in culture was used, no fluorescence was seen, whereas no appreciable decrease in the fluorescence was noticed when the antileptomyxid serum absorbed with Acanthamoeba spp., Naegleria spp., H. vermiformis, V. avara, or Entamoeba histolytica. The cross absorption experiments further confirm the above studies and indicate that the amebae in these tissues are antigenically similar to the leptomyxid ameba.
DISCUSSION
Among the hundreds of free-living amebae that exist in nature, amebae belonging to only two genera (Acanthamoeba and Naegleria) are 
